Recently, experimental psychologists have been thinking a lot about how to do research in such a way that their findings can be replicated. As a result, it is becoming more and more common (a) to preregister one's own hypotheses and analysis plan online and (b) to conduct direct replications of one's own studies. In this Research Methods Case, we discuss our personal experiences with preregistration and direct replication. Illustrated by two projects from our own laboratory, we reflect on the costs and benefits of using preregistration and direct replication. Also, we discuss how preregistration and direct replication attempts may seem to harm personal career development, but at the same time can be inspiring and productive. When scientists try to answer their research questions, they are usually really excited about this. They feel that their topic of interest is extremely important, they are genuinely motivated to discover new pieces of knowledge, and, they invest blood, sweat, and tears into designing their studies. When a scientist makes a new discovery, maybe after months or even years of work, this tends to makes them really happy. After all, their discovery helps science-and helping science is what their job is all about.
When people carry out cognitive tasks, they often get distracted by irrelevant information (e.g., their smartphone ringing). In past research, these distractions have been thought of stemming from people's capacity limitations (Theeuwes, 2004) . That is, people are, sometimes, unable to distinguish between what is relevant and irrelevant to the task, and mistakenly allocate attentional resources to irrelevant information.
However, people are not only driven by external information in the environment, but have motivational states too, which also play an important role in which information people attend to (Cohen, McClure, & Yu, 2007) . These motivational states are responsible for regulating attention and action toward rewarding outcomes in the environment (e.g., food, money, likes on social media; Botvinick & Braver, 2015; Braver et al., 2014 . Sometimes, these rewarding outcomes can be irrelevant to the task at hand (e.g., when you are doing your homework, but you get a Facebook invite for a party), so if people attend to them, it could lead to distraction from the task. In sum, it is possible that people do not get distracted from their tasks because they have capacity limitations, but because they constantly pursue rewards, which sometimes happen to be irrelevant to their tasks at hand. This is the idea that we based on our experiments and we tested in Case Study 1. To be able to work on this project, I wrote a research proposal that needed to be accepted by a science committee in the university. After the committee accepted my proposal, I could start running my first experiments.
Implications
Distractions are highly prevalent, especially with current technological developmentspeople often get distracted at work (Jett & George, 2003) , at school (Cheever, Rosen, Carrier, & Chavez, 2014) , or even during driving (Caird, Johnston, Willness, Asbridge, & Steel, 2014) , which can have fatal consequences. Yet, the psychological mechanisms underlying these distractions are not entirely clear yet. Our research could help to get a better understanding of the potential causes of distractions. This could inform policy makers and help in designing interventions at work, in the classroom, or in traffic.
Designing a New Computer Task
We designed a new computer task that could help us answer our research question (see Figure 1 ). This computer task had two parts. In the first part, participants learned that a certain color (e.g., blue) was associated with reward. More concretely, whenever they would see that Note: (a) The first part of the task was a learning phase. Sometimes, but not always, one letter (e.g., X) was colored blue. This meant that participants could earn money. In this way, participants learned that seeing a blue letter means earning money, so they learned to associate the color blue with high rewards. (b) In the second part of the task participants were adding up the numbers (8+5+9+3). Sometimes, one of the letters was blue, just like in the learning phase, but this time they needed to be ignored, so they were distractors. We expected that these blue letters will make people less able to concentrate on their task.
Our First Discoveries
When we had finished creating our task, we had a nice computer program that showed people all the stimuli, exactly as we wanted. So, we invited 41 participants to our laboratory, and all of them did our new task, the first experiment (Study 1).
Our findings were interesting, but a little bit mixed. On the one hand, we found that people were indeed distracted by the color they had learned to associate with rewards. So, when they saw a letter in that color, they more often made a mistake in adding up the numbers. This finding was significant and nicely in line with our hypothesis. On the other hand, we did not find this effect right away. It was only present among people who felt that adding up the numbers was difficult. Participants who felt this was easy were not bothered by the colored letters at all.
These people were still very well able to add up the numbers.
Making Improvements to Our Task
Based on what we found, we thought that our task might have been too easy. After all, a large part of our participants was not really bothered by distractors; overall, they performed really well. We thought that maybe it would be possible to find an effect of the colored letters for all participants. Certainly, this would be a stronger support for our hypothesis. After all, now we did find some support, but we really had to search for it in our data.
As a next step, then, we made the task more difficult: participants had less time to add up numbers, so they had to be faster and they needed to add up more numbers than before. After these changes in our computer task, we invited 47 participants to our lab to take part in our second experiment (Study 2). This time, the findings were straightforward: in line with what we expected, we found that all participants made mistakes when they saw the color they had learned to associate with rewards. It seemed like that making the task more difficult actually improved our paradigm: we could find the effect not only in some, but, this time, in a clear majority of participants. Looking at these results was, of course, very nice and made us very enthusiastic about the project. Yet, we needed to decide how to proceed.
Try to Publish or Try to Replicate?
At this point, there were two possible ways to go either (a) try to publish these good-looking results or (b) preregister and try to directly replicate our findings. The first option sounded appealing as publishing your results at a very early stage of your career is pretty cool-it makes you feel like your work is valuable to others, which works as a positive reinforcer that motivates you to produce even nicer findings. However, what if these results would not be replicable? You might harm science by putting something out there, which could confuse other researchers in the future.
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Doing a Preregistration
Because we did not want to harm science, and because we were simply very curious about whether our findings were replicable, we decided to directly replicate our study. To be transparent, we also preregistered our next experiment. Also, we hoped that the preregistration and replication attempt would help the publication process; we expected that other people, including journal editors and reviewers, would appreciate our solid science approach.
So, we preregistered our study before data collection. We did this on a website called Open Science Framework. On this website, researchers can make their materials openly accessible to everyone (you can check out my preregistration by clicking on https://osf.io/y74kx/). In the preregistration document, we outlined A short description of the study,
The hypotheses,
The design (independent and dependent variables),
The planned sample,
The computer task, and
The analysis plan.
Then, we uploaded and "froze" this document on the website before we started to collect data.
This "freezing" is to make sure that no information in the document is changed during data collection and after, so that others can make sure that we did everything according to what we had planned before doing the study.
Trying to Replicate Our Finding
Then, we invited 93 participants in our lab to take part in the third experiment (Study 3). This time, however, the results were not in line with what we expected: people were not bothered by those colors that they associated with rewards. This was very surprising, as we did not change anything in the methods and the findings were very strong in the previous study. It was also very disappointing to see these results, as it raised a lot of questions: Is my research reliable and important? Am I going to be able to publish inconsistent results? How much this situation will slow me down in my progress? All in all, this was quite a stressful situation to deal with.
Dealing With a Non-Replication
The biggest problem was that we did not know which results to believe in. Should we trust the second experiment, which showed that people got distracted by colors that they associated rewards with? Or should we trust the third experiment that did not show this effect? In other Note: In the first part of the task, our participants indicated whether they find different food items, such as a cheesecake (a) or Brussel sprouts (b) delicious. They could do it by clicking on the visual analog scale under the food items. In the second part, their task was to go through the matrix of letters and numbers and press key 1 when they see a number and press key 2 when they see a letter. Sometimes, in random moments, the previously rated food items appeared below the matrix. Sometimes, this food item was the most liked item (e.g., (c): cheesecake), sometimes the least liked item (e.g., (d): Brussel sprouts). We expected that participants will make more mistakes and respond slower when they see a cheesecake than when they see Brussel sprouts.
Three Experiments-Confusing Results
First, we wanted to try out our new task, so we invited 21 people to our lab (Study 1). The results looked quite promising: in line with our expectations, we found that people made more mistakes on the task (i.e., they lost focus) when they saw something delicious appearing on the screen. This was very motivating-but because we had only a few participants, we did not want to publish these results directly. First, we wanted to see whether we could find the same results 1.
2.
4.
Researchers who promote an open science culture often say that working in a transparent way is good for you and your reputation. However, as you have seen in Case Studies 1 and 2, this does not seem to be always true. Sometimes, the decision to work in a transparent way leads to unfortunate outcomes. For instance, it took a long time to submit our first paper for publication (Case Study 1)-also, this case contains inconsistent findings, which is always difficult to sell to journal editors and reviewers. These can be problematic for my future career:
ideally, as a researcher, you would like to publish a couple of articles at an early stage in your career (during your PhD that usually takes 3-5 years), which will help you to get a good job in academia. However, it seems like that the decision to focus on transparent working rather than producing significant results might have added some extra level of difficulty for me to climb up on the academic career ladder.
Yet, we are very optimistic and motivated to work in a transparent way. Although the older generation still remains unaware or skeptical (Bishop, 2017; Simmons, Nelson, & Simonsohn, 2011 (Munafò et al., 2017) . If more people adopt the same attitude, a new generation of scientists can create a culture in which solid science is the norm, rather than the exception.
Conclusion
This research method case shows that working in a transparent way sometimes seems to hinder your progress in science; for instance, one can spend a lot of time on doing replications that in the end turn out to be unsuccessful. Also, it can be demotivating if you put a lot of effort in something that has no tangible result. Nonetheless, we still believe that this is the correct way to go and retrospectively we are happy with all decisions we made throughout the research process. We think that if more and more people do preregistration and replication that will eventually lead to a better science.
Exercises and Discussion Questions
Explain why direct replications are important to science.
How can preregistration help science?
Discuss the potential drawbacks of preregistration and replications.
Imagine that you analyze your data for your bachelor thesis, which you are about to write.
You have not found support for your hypotheses, so you explore the data out of curiosity. In 
